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1. INTRODUCTION

The Hong Kong Observatory (HKO) has been
blending extrapolated radar reflectivity with simulated
reflectivity from numerical weather prediction (NWP) for
significant convection nowcast and forecast up to 6
hours (Cheung et al. 2014), but the forecast was
spatially limited to radar’s coverage. HKO then explored
utilising artificial neural network to convert multispectral
imagery of Japan Meteorological Agency Himawari-8
Satellite into radar reflectivity (Woo et al. 2017; Leung
et al. 2020). The satellite derived radar reflectivity
(SDRR) made blending forecast for large area possible.

Section 2 described a seamless significant convection
forecast based on SDRR and NWP reflectivity. Section 3
presented two types of significant convection probability
forecast developed with their evaluation metrics and
relevant case studies.

2. BLENDED FORECAST

2.1. Satellite nowcast

HKO has developed a suite of nowcasting systems,
which has been known as the "Short-range Warning of
Intense Rainstorms in Localized Systems" (SWIRLS), to
aid rainstorm warning operation as well as high-impact
weather forecasting for the public and the aviation
community (WMO 2010; Woo et al. 2017; Cheung et al.
2014).

To extend the area coverage of this nowcasting
system (Leung et al. 2020; Chan et al. 2021), HKO used
artificial neural network (ANN) technique to simulate
radar reflectivity from 7 spectral bands observed by the
Advanced Himawari Imager (AHI) of the Japan
Meteorological Agency (JMA) Himawari-8 (H-8) satellite.
In addition, the ANN model was applied to observations
by the GEO-KOMPSAT-2A (GK-2A) satellite of the Korea
Meteorological Administration (KMA) to provide satellite
derived radar reflectivity (SDRR) covering Central Asia
and the Indian Ocean.

The SDRR by H-8, now Himawari-9 (H-9), and GK-2A
would be extrapolated at 30-minute intervals for up to 8
hours by a semi-Lagrangian scheme along the optical
flow motion vectors and is referred to as "extrapolated
SDRR".
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FIG. 1. Satellite derived radar reflectivity (SDRR) at
00 UTC on 02 January 2024.

2.2. Numerical Weather Prediction (NWP) model

Hourly precipitation from European Centre for
Medium-Range Weather Forecasts (ECMWF) model
was converted to radar reflectivity following a standard
Marshall-Palmer (Marshall and Palmer 1948) Z − R
relation Z = 200R1.6 in this study.

FIG. 2. Hourly precipitation forecast converted to radar
reflectivity following a standard Marshall-Palmer Z − R
relation for 00 UTC on 8 September 2023 with ECMWF
model initiated at 18 UTC on 7 September 2023.
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The ECMWF has pioneered a system to predict
forecast confidence, namely the Ensemble Prediction
System (EPS). It comprises one control forecast (CNTL)
plus 50 forecasts each with slightly altered initial
conditions and slightly altered model physics. The
horizontal resolution of the 51 forecasts is around 9 km
(ECMWF 2023). Similar to NWP reflectivity used in the
blended forecast, 3-hourly precipitation from ECMWF
EPS was converted to radar reflectivity assuming
uniform rainfall across the 3 hours and following a
standard Marshall-Palmer Z −R relation.

2.3. Blending satellite nowcast and NWP model

With reference to “Rainstorm Analysis & Prediction
Integrated Data-processing System” (RAPIDS) (Li et al.
2005) that blends outputs from SWIRLS with NWP to
generate an optimal Quantitative Precipitation Forecast
(QPF) for operational guidance in rainstorm situations,
HKO developed blending technique based on
extrapolated SDRR and NWP radar reflectivity (Cheung
et al. in preparation).

Based on fractional skill scores (FSS), optimal hourly
weightings were chosen for T+1 hour to T+8 hours and
were latitude dependent. Currently, optimal weightings
for blending were selected based on trailing 12-month’s
performance to provide hourly gridded information on the
presence and distribution of convective weather for the
next 8 hours. The blended forecast information is radar
reflectivity and being updated every hour.

FIG. 3. Blended satellite derived radar reflectivity (SDRR)
initialised at 01 UTC on 18 December 2023 for T+2 hours
forecast (03 UTC on 18 December 2023).

3. PROBABILITY OF SIGNIFICANT CONVECTION

Two types of significant convection probability
forecasts have been explored and details given in
Sections 3.1 and 3.2 respectively. They were

constructed such that they could quantify different
forecast uncertainties.

Aligning with the convective weather definition used
for blended forecast, convective weather probability is
defined as the proportion of EPS-blended forecasts
giving a forecast of greater than 33 dBZ.

3.1. Perturbing the blended weightings

Inspired by the idea of sensitivity analysis used in
statistical modelling (Saltelli 2002), probability of
significant convection based on different weightings
(w=[0.0, 0.1, 0.2, . . . , 0.8, 0.9, 1.0]) of blending SDRR
with NWP reflectivity was explored. A range of
weightings were used to study how extrapolated SDRR
and NWP reflectivity might contribute to the uncertainty
in the blended forecast. Two types of blending were
explored: one with and one without Salience-Preserving
Cross Dissolve (SalCD) (Hwang et al. 2015; Wang et al.
2015). Hwang et al. (2015) showed that SalCD that
preserved the values in both the extrapolation and model
forecasts if they are high enough would avoid the
problem of every value being cut half in the linear cross
dissolve method.

dBZwithout SalCD = w×dBZnwp +(1−w)×dBZsdrr

dBZSalCD blended =wSalCD×dBZnwp+(1−wSalCD)×dBZsdrr

wSalCD = 0.5×
[

w×I
(w×I)+(1−w)(1−I) +

√
w2+I2

√
w2+I2+

√
(1−w)2+(1−I)2

]
where I = cumulative density function of (Nnwp −Nsdrr).
and Nnwp, Nsdrr are normalised intensity of NWP, SDRR
respectively.

Three evaluation metrics were calculated for both
blending methods (with or without SalCD): Averaged
Fractions Skill Score (FSS), Brier Score, Continuous
Ranked Probability Score (CRPS) for July to December
2023 and given in Figure 4.

FIG. 4. Evaluation metrics for both blending methods
plotted against forecast hour for July to December 2023.

Both methods showed better forecast skills at shorter
forecast hours. Since significant convection would
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occupy limited area over the whole forecast area and
most places would not have significant convection, Brier
Scores are always close to zero (both methods’ Brier
Scores near y = 0 as shown in Figure 4). For blending
with SalCD, as it would preserve more significant
convection (Figure 5), it has higher averaged FSS
compared to blending without SalCD (Figure 6). In
contrast, blending with SalCD has higher CRPS than
blending without SalCD. However, over the verification
area domain, many locations have no rainfall or light
rainfall with dBZ<33, there was no closed form of CRPS
available for this heavily tailed distribution. Therefore,
based on both Brier Scores and average FSS, blending
with SalCD would be better for probability forecast
generation.

FIG. 5. Probability of ≥ 33 dBZ with SalCD initialised
at 00 UTC on 28 December 2023 for T+1 hour forecast
(01 UTC on 28 December 2023).

3.2. Blending with ensemble forecast

Optimal weightings used in blended forecast were not
used in blending convective weather nowcast with
ECMWF EPS. This is because optimal weightings would
introduce much weightings in convective weather
nowcast at small forecast hours, and limit the capability
of blended EPS forecast to quantify forecast uncertainty.

Linear increasing weightings were used to conserve
the higher forecast skill in convective weather nowcast at
small forecast hours (Figure 7) while allowing ECMWF
EPS to provide forecast spread, especially in longer
forecast hours (Figure 8). The set of extrapolated SDRR
is blended with individual member of the ECMWF EPS
to construct a cluster of 51 EPS-blended forecasts.
Weightings between extrapolated SDRR and ECMWF

FIG. 6. Probability of ≥ 33 dBZ without SalCD initialised
at 00 UTC on 28 December 2023 for T+1 hour forecast
(01 UTC on 28 December 2023).

EPS members were set to be 10% model at T+1, 20%
model at T+2, . . ., 80% model at T+8. Blending with
SalCD is essential, otherwise, the spread introduced by
blending with ECMWF EPS would lead to nearly all zero
probability forecast, which would be useless in
operation. Because when the problem of every value
being cut half without SalCD is introduced in each
blending with ECMWF EPS member, the probability of
≥ 33 dBZ would become so low at each grid point.

As ECMWF EPS tried to capture a wide range of
possible future states of the atmosphere, probability
space spanned by blending with ECMWF EPS member
would be larger than that spanned by perturbing
blending weights between SDRR and deterministic NWP.

4. EXAMPLE

A trough of low pressure associated with the remnants
of Tropical Cyclone Haikui brought prolonged torrential
rain to Hong Kong on 7 and 8 September 2023 (HKO
2023). During the torrential rain episode, the HKO
Headquarters registered a record-breaking hourly rainfall
of 158.1 mm from 15 UTC to 16 UTC on 7 September,
the highest since records began in 1884.

Without taking nowcast into consideration, the
probability for significant convection (≥ 33 dBZ) derived
from 3-hourly rainfall by ECMWF EPS in the vicinity of
Hong Kong was rather low (Figures 9 and 10).

By blending the latest convection nowcast with
members of ECMWF EPS, the probability of significant
convection provided better heads-up for forecasters that
convection might be stickier than model forecast. The
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FIG. 7. Probability of ≥ 33 dBZ given by EPS-blended
forecasts with SalCD initialised at 00 UTC on 28
December 2023 for T+1 hour forecast (01 UTC on 28
December 2023).

FIG. 8. Probability of ≥ 33 dBZ given by EPS-blended
forecasts with SalCD initialised at 00 UTC on 28
December 2023 for T+8 hour forecast (08 UTC on 28
December 2023).

probability remained high in the vicinity of Hong Kong
given by blended ensemble forecast initialised at 15 UTC
on 7 September 2023 for forecast hour T+1 in Figure 11
till T+8 in Figure 18.

FIG. 9. Probability of ≥ 33 dBZ among ECMWF EPS
initialised at 00 UTC on 7 September 2023 for T+15 hour
forecast (15 UTC on 7 September 2023).

FIG. 10. Probability of ≥ 33 dBZ among ECMWF EPS
initialised at 00 UTC on 7 September 2023 for T+18 hour
forecast (18 UTC on 7 September 2023).

5. DISCUSSION

As part of the World Weather Research Programme
(WWRP) led by the WMO Research Board, Aviation
Research and Development Project (AvRDP) is a project
that focuses on scientific advancement and capacity
development in aeronautical observation, forecasting,

4



FIG. 11. (Left) Probability of ≥ 33 dBZ among
nowcast blended ECMWF EPS initialised at 15 UTC
on 7 September 2023 for T+1 hour forecast (16 UTC
on 7 September 2023); (Right) HKO 512 km radar
observation at 15:54:07 UTC on 7 September 2023.

FIG. 12. (Left) Probability of ≥ 33 dBZ among
nowcast blended ECMWF EPS initialised at 15 UTC
on 7 September 2023 for T+2 hour forecast (17 UTC
on 7 September 2023); (Right) HKO 512 km radar
observation at 16:54:07 UTC on 7 September 2023.

FIG. 13. (Left) Probability of ≥ 33 dBZ among
nowcast blended ECMWF EPS initialised at 15 UTC
on 7 September 2023 for T+3 hour forecast (18 UTC
on 7 September 2023); (Right) HKO 512 km radar
observation at 17:54:07 UTC on 7 September 2023.

and warning of significant convection and associated
hazards.

The first phase of the AvRDP (WMO 2019) focused
on nowcasting aviation weather over the Terminal Control
Area for the next 0-6 hours. AvRDP-2 (WMO 2023) is the
second phase (2021-2025) of AvRDP and will study the
blending of nowcasting information.

HKO is taking part in AvRDP-2 and has planned to
demonstrate benefits of blended significant convection

FIG. 14. (Left) Probability of ≥ 33 dBZ among
nowcast blended ECMWF EPS initialised at 15 UTC
on 7 September 2023 for T+4 hour forecast (19 UTC
on 7 September 2023); (Right) HKO 512 km radar
observation at 18:54:07 UTC on 7 September 2023.

FIG. 15. (Left) Probability of ≥ 33 dBZ among
nowcast blended ECMWF EPS initialised at 15 UTC
on 7 September 2023 for T+5 hour forecast (20 UTC
on 7 September 2023); (Right) HKO 512 km radar
observation at 19:54:06 UTC on 7 September 2023.

FIG. 16. (Left) Probability of ≥ 33 dBZ among
nowcast blended ECMWF EPS initialised at 15 UTC
on 7 September 2023 for T+6 hour forecast (21 UTC
on 7 September 2023); (Right) HKO 512 km radar
observation at 20:54:07 UTC on 7 September 2023.

forecast for supporting gate-to-gate operation. In
particular, hazardous weather encounter statistics based
on blended significant convection forecast would be
provided to airlines for their trial and feedback.

At the second AvRDP-2 Scientific Steering Committee
meeting in September 2023, members agreed on
investigating probabilistic information for flight planning
(Wigniolle et al. 2023). This study showed two ways of
generating significant convection forecast: (i) perturbing
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FIG. 17. (Left) Probability of ≥ 33 dBZ among
nowcast blended ECMWF EPS initialised at 15 UTC
on 7 September 2023 for T+7 hour forecast (22 UTC
on 7 September 2023); (Right) HKO 512 km radar
observation at 21:54:07 UTC on 7 September 2023.

FIG. 18. (Left) Probability of ≥ 33 dBZ among
nowcast blended ECMWF EPS initialised at 15 UTC
on 7 September 2023 for T+8 hour forecast (23 UTC
on 7 September 2023); (Right) HKO 512 km radar
observation at 22:54:07 UTC on 7 September 2023.

the blending weights; and (ii) blending nowcast with
NWP ensemble members. These probabilities would be
able to provide forecast uncertainty associated with
blended significant convection forecast. Noting the value
added with probabilities available, verification of these
probabilities and application of these probabilities on
generating hazardous weather encounter statistics for
aviation users will be explored.
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